N uclear receptor Nur77 is also known as NR4A1, TR3, or NGFI-B and is a member of the NR4A receptor subfamily that also comprises Nurr-1 (NR4A2, NOT) and NOR-1 (NR4A3, MINOR). Like other nuclear receptors, the NR4As consist of an N-terminal transactivation domain, a central zinc finger DNA binding domain and a C-terminal ligand binding domain. Thus far, no ligands have been identified for the NR4A nuclear receptors, and therefore they are referred to as orphan nuclear receptors. All 3 NR4A nuclear receptors can bind as monomers to the NGFI-B response element (NBRE; AAAGGCTA) of direct target genes. Nur77 and Nurr1 can also form homodimers and heterodimers with retinoid X receptor and bind a DR-5 response element. 1 We and others have shown that Nur77 is expressed in human atherosclerotic lesions in macrophages, endothelial cells and smooth muscle cells (SMCs). [2] [3] [4] Nur77 inhibits the growth of SMCs and reduces the inflammatory response of endothelial cells. 2, 5 In monocytes and macrophages, Nur77 expression is induced by stimuli related to development of atherosclerosis such as lipopolysaccharide (LPS), tumor necrosis factor-␣ (TNF␣), and oxidized lowdensity lipoprotein (oxLDL). 3, 4, 6 The function of Nur77 in macrophages in initiation and progression of atherosclerosis has not yet been investigated and was the subject of current study.
Atherosclerosis can be considered as a chronic inflammatory disease and is characterized by local recruitment of monocytes and lymphocytes to the vessel wall. [7] [8] [9] Vascular macrophages are involved in initiation, progression and rupture of atherosclerotic lesions. At the onset of atherosclerosis, low-density lipoprotein (LDL) particles enter the intima of the arterial vessel wall and undergo modifications such as oxidation or acetylation. Modified LDL provokes an inflammatory response in the overlying endothelial cells and, as a result, monocytes are recruited into the vessel wall to differentiate into macrophages. This is a critical step at the initiation of atherosclerosis. 8, 10 Macrophages internalize the modified LDL particles and become so called foam cells.
When foam cells are overloaded with lipids including cholesterol the cells may become necrotic and thereby contribute to necrotic core formation in the lesions. Macrophages and foam cells also produce proinflammatory cytokines, chemokines, proteases, growth factors, and oxygen radicals that are involved in lesion progression and rupture. 11 It has been shown in RAW264.7 macrophages that Nur77 potentiates LPS-induced expression of myristoylated alaninerich protein kinase C substrate (MARCKS), NFB-inducing kinase (NIK), I-Kappa-B Kinase Epsilon (IKKi), and cyclin D2, and, on the basis of these data, it was concluded that Nur77 is a proinflammatory nuclear receptor. 12 We demonstrated that overexpression of Nur77 in human THP-1 macrophages reduced expression levels of a number of cytokines and chemokines in response to either LPS or TNF␣. 3 Furthermore, knockdown of Nur77 in THP-1 macrophages resulted in increased inflammatory gene expression. It has been proposed that Nur77 modulates inflammatory gene expression at least in part through transrepression of NFB, in line with studies showing that Nur77 inhibits NFB activity by binding its p65 subunit. 13, 14 Most recently, Nur77 has been demonstrated to be crucial in differentiation of patrolling Ly6CϪ monocytes. 15 On the basis of the available data, it is difficult to predict which function Nur77 has in macrophages in atherosclerosis.
In the current study, we investigated Nur77 in macrophage polarization, cholesterol efflux, and oxLDL uptake using bone marrow-derived macrophages (BMM) from wild-type (WT) and Nur77-knockout (Nur77 Ϫ/Ϫ ) mice. Deficiency of Nur77 results in changed macrophage polarization with enhanced cytokine synthesis in response to LPS. In thioglycollate-elicited cell migration, more cells migrate into the peritoneal cavity in Nur77 Ϫ/Ϫ than in WT mice. In line with these data, it is demonstrated that Nur77 Ϫ/Ϫ bone marrow aggravates atherosclerosis in LDL receptor-knockout (Ldlr Ϫ/Ϫ ) mice involving enhanced SDF-1␣ expression in the lesion.
Methods
An expanded Methods section is available in the Data Supplement at http://circres.ahajournals.org.
Mice

Nur77
Ϫ/Ϫ mice 16 on a C57BL/6 background were kindly provided by Prof B.R. Binder (Vienna, Austria). Ldlr Ϫ/Ϫ mice on a C57BL/6 background 17 were obtained from Jackson Laboratories. All animal experiments were approved by the Committee for Animal Welfare of Amsterdam Medical Center or Maastricht University and were carried out in compliance with guidelines issued by the Dutch government.
In Vitro Murine Macrophage Culture
Bone marrow cells were isolated from WT mice (C57BL/6) and Nur77 Ϫ/Ϫ mice (nϭ3) as described. 18, 19 BMM of 3 mice were pooled and seeded at a density of 1.5ϫ10 5 cells/cm 2 24 hours before stimulation.
Protein Expression Analysis, Determination of NO, and Cytokine Expression
BMM were polarized toward a M1-proinflammatory phenotype using 100 ng/mL LPS (Sigma) or were M2a-activated using 50 ng/mL interleukin (IL)-4 (R&D Systems). Medium was harvested and protein levels were measured using the CytometricBeadArray Mouse Inflammation Kit (BD Biosciences). Stromal cell-derived factor 1␣ (SDF-1␣) secretion was measured by ELISA (RayBiotech). Nitric oxide (NO) production was determined with Griess reagent. Total RNA was extracted and cDNA was made for real-time PCR with 36B4 to correct for cDNA content.
Repression of SDF-1␣ Expression in BMM
Replication-defective adenovirus expressing Nur77 cDNA under control of the CMV promoter or mock-virus were purified. 20 WT and Nur77 Ϫ/Ϫ BMM were infected with Mock-or Nur77-Adenovirus.
Adherence of Ly6C؉ Monocytes to Activated Endothelial Cells
Human umbilical cord endothelial cells were isolated. 2 Cells were cultured until confluence and stimulated with TNF␣. Ly6Cϩ monocytes were isolated by FACS sorting using CD11b-APC and Ly6C-PE (eBioscience), labeled with calcein-AM (Sigma), and added to the monolayer. After 3 hours, nonadherent cells were removed and monocyte adherence was quantified.
In Vitro Cell Migration
Migration experiments were performed using transwells with 3-m pores, in 24-well plates (Falcon). Calcein-AM labeled RAW264.7 macrophages were added to the upper chamber; 50 ng/mL SDF-1 or monocyte chemotactic protein-1 (MCP-1) or conditioned medium of WT and Nur77 Ϫ/Ϫ BMM was added to the lower chamber. To block SDF-1␣, anti-SDF-1␣ inhibiting antibody (R&D systems) was added to the conditioned media. Fluorescence in the lower compartment was measured in time. 
Non-standard Abbreviations and Acronyms
Bone Marrow Transplantation
Transplantation was performed as described. 21 Briefly, bone marrow was isolated from female WT or Nur77 Ϫ/Ϫ mice (5 donor mice/ group) and 10 7 cells/mouse were injected intravenously to male ␥-irradiated Ldlr Ϫ/Ϫ recipients (nϭ10). Six weeks after transplantation, the mice were fed a high fat diet (HFD; Hope Farms; 16% fat (wt/wt), 0.15% (wt/wt) cholesterol) for 14 weeks. Hearts were embedded in paraffin, sectioned, and lesions were visualized with hematoxylin and eosin stain. Lesion areas were quantified using Leica QWin-V3 software.
Chimerism Determination and Mouse Blood Parameters
Chimerism was determined on blood DNA 7 weeks after the start of HFD as described. 22 Cholesterol profiles were made of pooled plasma samples (nϭ5) by fast-phase liquid chromatography as described. 23 Triglyceride levels (Biolabo) and total cholesterol (bioMérieux) were determined. Red blood cells, platelets, and hematocrit were measured using Coulter counter. MCP-1 and SDF-1␣ levels were measured in plasma.
Immunohistochemistry
Macrophages (MAC3; Pharmingen), SMCs (1A4; Dako), and T cells (anti-CD3; Labvision) were detected, and the positive cell area or number of positive nuclei was quantified.
Statistical Analysis
Statistical analysis was performed using GraphPad Prism 5 software. Statistical significance was calculated using the unpaired Student t test (Welch corrected when necessary). Values are represented as meanϮSD. The significance level was set at PϽ0.05.
Results
Nur77
؊/؊ Macrophages Exhibit a Proinflammatory Phenotype
To delineate the role of Nur77 in macrophages, we investigated the inflammatory response of BMM derived from Nur77 Ϫ/Ϫ mice and WT littermates. In line with observations in human primary macrophages and mouse and human macrophage cell lines, 3, 4 we observed that Nur77 mRNA expression is transiently induced in WT BMM in response to LPS with optimal expression at 1 hour (Online Figure I) . To assess the function of Nur77 in inflammatory responses, we cultured BMM from WT and Nur77 Ϫ/Ϫ mice and studied macrophage phenotype transition in detail. BMM were polarized either toward a proinflammatory M1 phenotype with LPS, or we provoked alternative activation with IL-4. mRNA expression of inducible nitric oxide synthase (iNOS), a typical M1-macrophage marker, was strongly upregulated on LPS stimulation. No consistent difference was observed between Nur77
Ϫ/Ϫ BMM and WT cells at the different time points ( Figure 1A and Online Table I ). Therefore, we measured NO in the conditioned media of the cells and observed enhanced NO production by Nur77 Ϫ/Ϫ BMM after 8 and 24 -72 hours of LPS stimulation compared with WT cells ( Figure 1B ). As expected, NO is not generated in response to IL-4 (data not shown).
Next, the expression of M1 cytokines and chemokines was determined. Nur77 Ϫ/Ϫ BMM showed a significant increase in mRNA and protein expression of IL-12 and interferon-␥ (IFN␥) in comparison with WT BMM (Figure 1C and 1D and Online  Table I ), whereas the induction of IL-6 expression and IL-1␤ is lower in Nur77 Ϫ/Ϫ BMM ( Figure 1C and 1D and Online Table  I ). The expression of the protective cytokine IL-10 is enhanced by LPS and less induced in Nur77
Ϫ/Ϫ BMM compared with WT BMM ( Figure 1C and 1D and Online Table I ). Of note, both the mRNA and protein expression levels of MCP-1 and TNF␣, which have been described as crucial cytokines involved in atherosclerosis, were not different between WT and Nur77-deficient BMM (Online Table I ). The most notable change in expression was observed for the chemokine SDF-1␣ (CXCL12), which showed a strongly increased expression in Nur77 Table I ). SDF-1␣ expression is consistently higher under all conditions in Nur77 Ϫ/Ϫ BMM, with up to 9-fold higher mRNA expression levels and over 30-fold increased protein expression in Nur77
Ϫ/Ϫ BMM compared with WT BMM. In response to IL-4, the alternative macrophage activationspecific genes Found in Inflammatory Zone-1 (FIZZ-1), arginase-1 (Arg-1), chitinase 3-like-3 (Ym1), and macrophage galactose C-type lectin-1 (Mgl1) were studied. FIZZ-1 showed decreased mRNA levels in Nur77 Ϫ/Ϫ BMM, whereas Ym1 expression is increased, and Mgl1 and Arg-1 expression are similar in WT and Nur77
Ϫ/Ϫ BMM ( Figure 2 and Online Table I ).
Together, our data indicate that Nur77 Ϫ/Ϫ BMM exhibit a changed expression profile of M2-specific markers and increased M1 phenotype, proinflammatory characteristics with a remarkably enhanced expression of SDF-1␣ in (non)-stimulated BMM cells.
Nur77 Deficiency in BMM Does Not Change oxLDL Uptake and Cholesterol Efflux
The uptake of modified LDL and cholesterol efflux are both crucial events in macrophage function and foam cell formation during atherosclerosis, and were for that reason studied in Nur77-deficient BMM. 8, 10 To evaluate oxLDL uptake, we exposed Nur77
Ϫ/Ϫ and WT BMM to DiI-labeled oxLDL (Online Figure II, A) . The uptake of oxLDL increased in time; however, no differences were observed between Nur77 Ϫ/Ϫ and WT BMM up until 24 hours, whereas after 48 hours oxLDL uptake was slightly lower in Nur77 Ϫ/Ϫ BMM compared with WT, which is in contrast to our previous observations in THP-1 cells. 3 Next, we assayed the effect of Nur77 deficiency on cholesterol efflux (Online Figure II, B) . Net cholesterol efflux with high-density lipoprotein as acceptor was similar for Nur77 Ϫ/Ϫ BMM and WT cells.
Nur77 Represses SDF-1␣ Expression
To substantiate the functional involvement of Nur77 in inhibition of SDF-1␣ expression, we performed a rescue experiment in BMM in which Nur77 was reintroduced in Nur77 Ϫ/Ϫ BMM by adenoviral overexpression. Nur77 robustly inhibits the expression of SDF-1␣ mRNA and protein ( Figure 3A ).
Ly6C؉ Monocytes of WT and Nur77
؊/؊ Both Attach to Activated Endothelial Cells
Recently, it has been demonstrated that Nur77 has a crucial function in the survival of Ly6CϪ monocytes. 15 To asses the capacity of Ly6Cϩ monocytes of WT and Nur77 Ϫ/Ϫ mice to adhere to activated endothelial cells, we isolated Ly6Cϩ cells from blood of these mice. Subsequently, the cells were allowed to adhere to quiescent and TNF␣-activated endothelial cells and the bound cells were counted ( Figure 3B ). WT and Nur77
Ϫ/Ϫ Ly6Cϩ monocytes showed enhanced binding to activated endothelial cells and no differences were observed. Apparently, WT and Nur77-deficient Ly6Cϩ monocytes are intrinsically very similar until these cells are differentiated into macrophages, and their cyto/chemokine release profiles become significantly different.
Functional Relevance of BMM-Derived SDF-1␣ in Macrophage Migration
To assess the relative contribution of the enhanced SDF-1␣ expression by Nur77 Ϫ/Ϫ BMM in macrophage migration, we performed migration experiments ( Figure 3C ). First, we assayed the response of macrophages to a similar concentration of MCP-1 or SDF-1␣ and observed that both chemokines induce migration. Subsequently, the cells were exposed to the conditioned media of WT and Nur77
Ϫ/Ϫ BMM, and we found that the conditioned media of Nur77-deficient BMM pro- ؊/؊ and WT BMM. BMM were polarized toward an M1 phenotype with LPS. As a control for effective stimulation, iNOS mRNA expression (A) and nitric oxide production (B) was determined. mRNA (C) and protein (D) expression of macrophage phenotype-specific cytokines (IL-6, IL-12, and IFN␥), IL-10, a protective cytokine upregulated after LPS stimulation, and SDF-1␣ was determined. mRNA levels were normalized using 36B6 housekeeping gene. Data are presented as meanϮSD; *PϽ0.05, **PϽ0.01, ***PϽ0.001.
voked more migration than the WT BMM conditioned media and that this difference was completely abolished after blocking SDF-1␣ with an inhibitory antibody (␣SDF-1). These data strongly support the importance of enhanced SDF-1␣ synthesis by Nur77
Ϫ/Ϫ BMM in enhancing macrophage migration.
Nur77
؊/؊ Mice Exhibit Increased Inflammatory Cell Migration
To investigate whether Nur77 is involved in inflammatory cell migration in vivo, we determined migration of circulating cells to the peritoneal cavity in response to thioglycollate ( Figure 3D ). The total number of cells in peritoneal lavages after 4 days was dramatically increased in Nur77 Ϫ/Ϫ mice compared with the number of migrated cells in WT mice (3- Ϫ/Ϫ -tp mice, respectively. In addition, FACS analyses were performed to determine B-cell and T-cell counts, which were similar in both groups (data not shown). Body weight at euthanasia was not significantly different between both groups, and red blood cell, platelet, and monocyte counts and hematocrit were within normal range for WT-tp and Nur77
Ϫ/Ϫ -tp mice ( Figure 4A ). After 14 weeks of HFD, the number of total white blood cells was, however, significantly elevated in Nur77
Ϫ/Ϫ -tp compared with WT-tp mice (Pϭ0.04), which may be attributed to the increased number of B cells (Pϭ0.006) ( Figure 4B ). As expected, cholesterol profiles were similar between the 2 groups ( Figure 4C ), as well as total plasma cholesterol and triglyceride levels (Online Figure  III) . Protein levels of MCP-1 and SDF-1␣ were elevated in plasma due to HFD and SDF-1␣ protein levels were significantly higher in Nur77 Ϫ/Ϫ -tp mice compared with WT-tp mice. To identify the cells responsible for the enhanced SDF-1␣ protein levels, we measured mRNA expression in total white blood cells ( Figure 4E ). MCP-1 mRNA was not detectable in white blood cells and very low, but similar mRNA levels were observed in white blood cells from Nur77 Ϫ/Ϫ -tp mice and WT-tp mice. We conclude from these data that the enhanced SDF-1␣ levels are probably due to enhanced SDF-1␣ expression in the vascular lesions.
Increased Atherosclerosis in Nur77
؊/؊
-tp Mice Compared With WT-tp Mice
After 14 weeks of HFD, the mice were euthanized and lesion size and cellular composition of the lesions was determined in the aortic root. Compared with WT-tp Ldlr Ϫ/Ϫ mice, Ldlr
with Nur77-deficient bone marrow showed a striking 2.1-fold increase in atherosclerotic lesion size (Pϭ0.0004; Figure  5A ). To characterize the cellular composition of the lesions, we performed immunohistochemical stainings and observed more macrophages in Nur77 Ϫ/Ϫ -tp mice compared with WT-tp (1.6-fold increase in surface area; Pϭ0.001; Figure  5B ). Enlarged necrotic areas were found in the lesions of Nur77 Ϫ/Ϫ -tp mice (3.6-fold increase in surface area; Pϭ0.0005; Figure 5C ). Finally, lesions of Nur77 Ϫ/Ϫ -tp mice contain a higher SMC content than lesions of WT-tp mice (2.8-fold increase in surface area; PϽ0.0001; Figure 5D ) and increased numbers of T cells (3.1-fold increase; Pϭ0.00002). Of note, the fold increase in SMCs, T cells, and necrotic area is larger than the observed increase in lesion size.
Nur77 has been described to be involved in apoptosis of developing T cells. 24 To evaluate changes in apoptotic events, we performed a TUNEL assay, and we did not observe differences between numbers of apoptotic cells in lesions of and WT BMM. BMM were polarized toward an M2 phenotype with IL-4. mRNA expression of macrophage phenotype-specific markers FIZZ-1, Ym1, Mgl2, and Arg-1 were measured. mRNA levels were normalized using 36B6 housekeeping gene. Data are presented as meanϮSD; *PϽ0.05, **PϽ0.01, ***PϽ0.001.
WT-tp and Nur77
Ϫ/Ϫ -tp mice (Online Figure IV, B) . To identify proliferating cells in both mouse groups, lesions were assayed for Ki67 expression (Online Figure IV, A) . The number of proliferating macrophages was similar for WT-tp and Nur77
Ϫ/Ϫ -tp mice and SMCs showed a trend to higher proliferation in lesions of Nur77 Ϫ/Ϫ -tp mice. Next, mRNA was isolated from aortic arches to analyze expression of genes that are known to be changed during macrophage polarization (Figure 1 ). The expression of the pan-macrophage marker F4/80 is higher in Nur77 Ϫ/Ϫ -tp compared with WT-tp mice (Pϭ0.003; Figure 6 ), which is in line with the observed increase in macrophage content of the aortic root lesions, whereas FIZZ-1 mRNA expression is not different between both groups. In line with the in vitro observations, expression of the chemokine SDF-1␣ showed a significant increase in Nur77 Ϫ/Ϫ -tp mice compared with WT-tp.
Together, these data show that bone marrow-specific deficiency of Nur77 results in an impressive increase in atherosclerotic lesion formation. The accumulation of T cells, macrophages, and SMCs is increased, and especially the extent of necrotic core formation is enhanced, which indicates that the Nur77 Ϫ/Ϫ -tp lesions have a different composition than the WT-tp lesions.
Discussion
In the present study, we describe our findings that provide valuable insight on the role of nuclear receptor Nur77 in macrophages in atherosclerosis. Nur77 modulates macrophage M1/M2 polarization as concluded from the comparison of the expression pattern of phenotype-specific markers in macrophages from WT and Nur77 Ϫ/Ϫ mice. Furthermore, we show that thioglycollate-mediated cell migration is markedly increased in Nur77 Ϫ/Ϫ mice, and, in line with those observations, that bone marrow-specific deficiency of Nur77 dramatically enhances atherosclerosis in Ldlr Ϫ/Ϫ mice, which involves increased expression of SDF-1␣ (Online Figure V) . Macrophages play a critical role in initiation, progression, and stability of atherosclerotic lesions and during development of atherosclerotic lesions these cells are subjected to changing microenvironmental signals. In response to such signals, macrophages can polarize toward the proinflammatory M1 or the nonclassically activated M2 phenotype, yet these phenotypes are the extremes of a continuous spectrum of activation. 25, 26 Typical M1 and M2 macrophages are characterized by distinct gene expression patterns and their exact function in the diseased vessel wall still needs to be defined. We demonstrate that cultured Nur77 Ϫ/Ϫ BMM exhibit a proinflammatory phenotype with enhanced expression of IL-12, IFN␥, and SDF-1␣ and increased NO synthesis, suggesting that Nur77 has an anti-inflammatory function in these cells and thus suppresses the expression of inflammatory cytokines and chemokines. This finding is in agreement with our previous work and data showing that Nur77 and NFB interact, resulting in transrepression of NFB. 3, 13, 14, 27 It has also been proposed that Nur77 has a proinflammatory role in macrophages based on the observation that expression of MARCKS, NIK, IKKi, and cyclin D2 is enhanced in RAW264.7 macrophages after overexpression of Nur77. 12 In the latter study, it was also demonstrated that the expression of these specific genes in peritoneal macrophages derived from WT and Nur77 Ϫ/Ϫ mice was not different after LPS stimulation, indicating that these genes may not be optimal to monitor Nur77-mediated macrophage phenotype changes.
In our studies on migration of circulating cells to the peritoneal cavity, we demonstrated that the total number of migrated cells is 3-fold higher in Nur77 Ϫ/Ϫ mice compared with WT mice, more specifically, increased migration of macrophages and B cells, and a trend toward increased T-cell migration was observed. This enhanced migration in Nur77 Ϫ/Ϫ mice may be explained by different behavior of the migrating cells on Nur77 deficiency. However, it should be noted that endothelial cell activation is also crucial in migration of inflammatory cells and Nur77 has been shown to diminish endothelial cell activation, as was illustrated by reduced ICAM-1 expression in response to TNF␣. 5 One may assume that Nur77 deficiency in endothelial cells leads to increased activation of these cells and therefore to increased diapedesis of inflammatory cells. In the current bone marrow transplantation study, we also observed an increase in macrophage recruitment to atherosclerotic lesions of Ldlr Ϫ/Ϫ mice with Nur77-deficient bone marrow. In this specific experiment, the endothelial cells still express normal Nur77 levels and we therefore conclude that at least part of the migratory behavior of macrophages is controlled by Nur77 activity in macrophages and/or B and T cells, independent of endothelial cell activation. We studied the impact of Nur77-deficient hematopoietic cells on the development of atherosclerosis by transplanting bone marrow derived from WT and Nur77
Ϫ/Ϫ -mice to Ldlr Ϫ/Ϫ recipients followed by an HFD. Atherosclerotic lesions were 2.1-fold larger in Nur77 Ϫ/Ϫ -tp mice compared with WT-tp mice, and we therefore conclude that in bone marrow-derived cells Nur77 has an atheroprotective function. Total plasma cholesterol, cholesterol profiles, and triglyceride levels were similar in all mice, indicating that the difference in lesion size may be explained solely by contribution of the hematopoietic compartment. The total number of circulating white blood cells was significantly elevated in Nur77 Ϫ/Ϫ -tp mice compared with WT-tp mice, involving an impressive increase in B-cell numbers. Nur77 has recently been shown to be expressed in mature B cells 28 ; however, the function of Nur77 in these cells is at present not known and requires further investigation. The issue whether B cells play a pathogenic or protective role in the process of atherosclerosis still remains to be clarified. 29 -32 Our data strongly support the hypothesis that high B-cell numbers have an adverse effect on vascular lesion formation. 29, 32 In vitro experiments in the current study on macrophage polarization of WT and Nur77
Ϫ/Ϫ BMM revealed enhanced IL-12, IFN␥, and SDF-1␣ and reduced IL-6, IL-1␤, and IL-10 mRNA and protein levels in Nur77
Ϫ/Ϫ cells in response to LPS. Interestingly, no differences were observed in the expression of MCP-1 and TNF␣, molecules with a wellestablished function in macrophage migration and atherosclerosis. Extensive data are available on the (predominantly) proatherogenic functions of IL-12 33, 34 and IFN␥ 35 ; IL-12 may form the mechanistic link between inflammation and Th1-type cytokine production such as IFN␥. IL-6 is a pleiotropic cytokine and has different actions on different cell types. It has proinflammatory effects on lymphocytes 36, 37 and endothelial cells 38 but can have suppressive effects on other cell-types, including macrophages. 39 Furthermore, the exact role of IL-6 in atherosclerosis appears to be ambivalent. 40 -42 The anti-inflammatory cytokine IL-10 plays a critical role in modulation of immunoinflammatory responses in atherosclerotic lesions, and its reduced expression in Nur77 Ϫ/Ϫ lesions may be critical in aggravation of the disease. 43 The enhanced expression of SDF-1␣ is the most robust difference between Nur77 Ϫ/Ϫ and WT BMM. SDF-1␣ is a pleiotropic chemokine, which is expressed in many cell types including monocytes and macrophages, 44 and, in contrast to other chemokines, this factor is not induced in response to inflammatory stimuli (Figure 1 ). SDF-1␣ displays multiple functions, among which the induction of migration of monocytes, macrophages, and lymphocytes. 45 Moreover, for lymphocytes, SDF-1␣ has been described as a more potent and efficacious chemokine than MCP-1, whereas the migratory response of monocytes is similar for both chemokines. 45 Furthermore, loading of macrophages with oxLDL causes a strong induction of CXCR4, together with CXCR7, the main receptor for SDF-1. 46 SDF-1␣ is expressed in atherosclerotic lesions and not in healthy arteries. 47 Extensive data are available on the function of SDF-1␣ in atherosclerosis, consistently demonstrating that SDF-1␣ accelerates vascular lesion formation. 48 -50 In most studies, SDF-1␣ is systemically inhibited, whereas in the current study, SDF-1␣ expression is increased specifically in macrophages within the atherosclerotic lesions. We demonstrate that Nur77 completely represses enhanced SDF-1␣ expression in Nur77
Ϫ/Ϫ BMM and that SDF-1␣ blocking antibodies abolish the chemoattractant capacity of Nur77 Ϫ/Ϫ BMM. Most significantly, expression of SDF-1␣ in the aortic arches of Nur77 Ϫ/Ϫ -tp mice is higher than in WT-tp lesions and therefore we propose that the increase in lesion size observed in the Nur77 Ϫ/Ϫ -tp mice involves an enhanced influx of macrophages and T cells is, at least partly, in response to increased SDF-1␣ levels in the lesion. We also describe a strong increase in necrotic area in the lesions of Nur77 Ϫ/Ϫ -tp mice, which probably is due to these larger numbers of macrophages that eventually contribute to the formation of necrotic cores.
The SMC content of the lesions in Nur77 Ϫ/Ϫ -tp mice is 3.6-fold increased, which is 1.7-fold higher than the increase in lesion size. This enhanced SMC content of the lesions can only be caused by factors secreted by the Nur77-deficient macrophages in the lesion that subsequently stimulate migration and proliferation of the WT SMCs. Since SMCs have recently been described to also increase their expression of CXCR4 under atherosclerotic conditions, it may again be due to enhanced SDF-1␣ secretion of the macrophages that the SMCs are triggered to migrate into the intimal area of the lesion. 51 The overall composition of the lesions in Nur77 Ϫ/Ϫ -tp mice predicts them on the one hand to be more vulnerable due to the larger necrotic area; however, at the same time, the lesions may be stabilized by the enhanced SMC content.
In summary, we have demonstrated that Nur77 Ϫ/Ϫ BMM exhibit strongly increased expression of proinflammatory cytokines and chemokines, most prominently SDF-1␣, and thus exhibit a proinflammatory phenotype. Furthermore, we showed a higher migration of cells to the peritoneal cavity in Nur77 Ϫ/Ϫ mice compared with WT mice. Finally, enlarged atherosclerotic lesions were observed in mice after Nur77 Ϫ/Ϫ -deficient bone marrow transplantation with elevated macrophage and T-cell content, an increase in SMCs, and larger necrotic cores. These findings reveal an important role for Nur77 in the regulation of macrophage polarization and migration, and we propose that Nur77 has an antiinflammatory function in atherosclerosis.
While this article was under review a similar study by Hanna et al was presented to Circulation Research and has also been accepted for publication. In accordance with our data, the group of C. Hedrick demonstrated that Nur77 Ϫ/Ϫ macrophages have a pro-inflammatory phenotype and provoke enhanced atherosclerosis. All together the data support a protective function of Nur77 in chronic inflammatory diseases such as atherosclerosis. 
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